The sensitivity of acetylcholine receptor (AChR) antibody testing is thought to be lower in ocular myasthenia gravis (OMG) compared with generalized disease, although estimates in small-scale studies vary. There is little information in the literature about the implications of AChR antibody levels and progression from OMG to generalized myasthenia gravis.
M yasthenia gravis (MG) can cause weakness of the eyelids and extraocular muscles in up to 90% of patients; approximately half of such patients will present with isolated ocular symptoms (ie, ptosis and/or diplopia only). 1 The diagnosis of ocular MG (OMG) is not always clinically evident, as the pattern of deficits can mimic a cranial nerve palsy, internuclear ophthalmoplegia, or thyroid eye disease. In addition, some patients with suspected OMG do not respond to first-line treatment with pyrdiostigmine and are candidates for immunosuppressive therapy, which carries a risk of harmful adverse effects. [1] [2] [3] For these reasons, ancillary testing is often used to confirm the diagnosis of OMG. Confirmatory tests for OMG include edrophonium challenge, single-fiber electromyography (SFEMG), and serum acetylcholine receptor (AChR) antibody. Edrophonium testing lacks specificity and may be complicated by bradycardia and bronchiolar constriction, [4] [5] [6] while SFEMG of the orbicularis oculi and frontalis muscles is sensitive and specific for OMG but is technically challenging to perform and not widely available. 7 Acetylcholine receptor antibody testing is highly specific 7 but is traditionally thought to be less sensitive in OMG (approximately 50%) compared with generalized MG (85%-90%). [8] [9] [10] [11] [12] Our clinical experience suggests that AChR antibody testing is more sensitive in OMG than previously reported. We have also noted an association between high AChR antibody levels and progression from OMG to generalized disease. To test these hypotheses, we examined the results of AChR antibody testing, as well as the clinical implications of antibody values, in a large, multicenter cohort of patients presenting with OMG.
Methods
A retrospective, observational cohort design was used. Following approval by the University of Michigan and Michigan State University institutional review boards, medical records were searched to identify patients diagnosed with OMG between July 1, 1986, and May 31, 2013, at the 2 study sites. This study was deemed exempt from requiring patient consent as it was a retrospective collection of existing, deidentified data. Analysis was conducted from July 1, 2013, to May 15, 2015. Data abstracted for each patient included age at symptom onset, sex, ocular symptoms (ptosis and/or diplopia), duration of follow-up, and progression time to generalized MG (if this occurred). All patients underwent serum testing for the AChR binding antibody (muscle AChR complexed with 125 Ilabeled-α-bungarotoxin; Mayo Medical Laboratories and Quest Diagnostics), with values greater than 0.02 nmol/L considered a positive result. 13 Descriptive statistics for patient characteristics were calculated and differences by antibody result were assessed using bivariate logistic regression for continuous and categorical variables. Two-sample t tests evaluated the association between age and likelihood of having a positive antibody test result, as well as between mean antibody titer and development of generalized MG. Multiple logistic regression was used to measure the association between all measured clinical variables and antibody result. Because studies of the incidence of MG have reported a bimodal age distribution, with younger women and older men most often affected, 12 an interaction variable involving sex and dichotomized age (older or younger than the mean age of the cohort) was also examined. The model was evaluated using conventional criteria: goodness-of-fit tests, calibration plots, and area under the receiver operating characteristic curve. Progression to generalized MG was compared by age and sex as well as antibody status with Kaplan-Meier estimates and log-rank tests. All analyses were performed in Stata, version 12 (StataCorp).
Results
We identified 223 patients with OMG, 84 (37.7%) of whom were female, with a mean (SD) age at diagnosis of 59.2 (16.4) years. Presenting symptoms included ptosis in 25 patients (11.2%), diplopia in 76 patients (34.1%), and both ptosis and diplopia in 122 patients (54.7%). Acetylcholine receptor antibody test results were positive in 158 patients (70.9%). Data on antibody binding capacity were available in 87 of these patients (55.1%), with a mean (SD) value of 6.13 (11.03) nmol/L (range, 0.02-64.3 nmol/L). Forty-five patients (20.2%) developed generalized MG during a mean follow-up interval of 60 months, with 162 (72.6%) of the cohort followed up for at least 2 years ( Table 1) .
The mean (SD) age of patients with a positive AChR antibody test result was significantly higher than those with a negative test result (61.1 [16.2] Table 2 ). The area under the receiver operating characteristic curve was 0.71, and the HosmerLemeshow test was not significant (P = .27), suggesting that the model fit the data.
Kaplan-Meier curves for progression to generalized MG based on age and sex as well as antibody status are illustrated in Figure 1 and Figure 2 . The log-rank test was significant for antibody status (P = .04) but not for age (P = .43) or sex (P = .83).
Discussion
In this study, we report the sensitivity of serum AChR antibody testing in the largest cohort of patients with OMG available to date. Previous estimates of the rate of antibody positivity in patients with OMG vary from 40% to 70% in studies of 15 to 86 patients. [8] [9] [10] [11] [12] [13] Our result of 71% sensitivity falls at the upper limit of this range and suggests increased utility of AChR antibody testing as a diagnostic tool. There are several possible explanations for the higher sensitivity seen in our study compared with that in previous reports. One potential reason is that the reference standard used to define cases of OMG differs between studies. In our cohort, the reference standard was the clinical impression of 1 of 4 experienced neuro-ophthalmologists (including E.R.E. and W.T.C.) who followed up each patient longitudinally for a mean of 60 months. With extended follow-up, equivocal cases could be confirmed based on the natural history of disease and response to treatment. In contrast, studies reporting a lower yield for AChR antibody testing often use lessspecific testing modalities as a reference standard. For example, Nicholson et al 14 found an AChR antibody sensitivity of 48%, but this cohort of patients also underwent edrophonium testing, a much less specific test, that likely led to the inclusion of patients without OMG. In these instances, an antibody test result considered a false-negative would actually be a true-negative test result. Another possible explanation for our higher rate of AChR antibody sensitivity lies in the association between antibody levels and the duration of MG symptoms. Vincent and Newsom-Davis 10 suggested that the high affinity of antibodies for end-plate AChRs at the neuromuscular junction could explain why some patients with OMG have negative serum test results early in the course of the disease but later seroconvert. By this logic, it is not until an individual reaches a certain level of receptor-binding saturation that antibodies begin to freely circulate in the peripheral blood. Because many patients in our cohort were referred to neuroophthalmology following evaluation by another physician, it is possible that they had a longer average symptom duration and thus higher levels of circulating antibodies for detection. Finally, our higher rate of AChR antibody sensitivity may reflect changes in the testing assay compared with those used in prior studies. For example, a lowering of the titer cutoff required for a positive test result has occurred during the past few decades following reports that detectable levels of AChR antibodies in patients without MG are quite rare. 7 We also report an increased likelihood of detecting AChR antibodies in older male patients with OMG. Although Lindstrom et al 9 reported no association between AChR antibody titers and age in generalized MG, Somnier 7 did find a similar age-related trend in patients with OMG, with the sensitivity of AChR antibody testing increasing by 17% in patients presenting after the age of 50 years. Limburg et al 15 found no significant association between sex and antibody titer, although this cohort of patients with OMG was much smaller (n = 20). There did not appear to be a significant effect of age and sex on the risk of progression to generalized MG in our cohort based on the Kaplan-Meier estimate ( Figure 1 ) and log-rank tests. Another important finding is that a higher AChR antibody level at presentation was associated with an increased risk of developing generalized MG. Although antibody levels have widely been reported to be lower in OMG compared with generalized disease, 7, [9] [10] [11] [12] [13] 15 this is the first report to our knowledge linking antibody levels in OMG with the risk of progression to generalized MG. Kupersmith et al 16 noted a significant association between positive AChR antibody test results in OMG and the risk of progression to generalized MG, a result supported by our Kaplan-Meier estimate ( Figure 2 ) and log-rank test, but found no predictive value in antibody levels. In our cohort, the mean antibody level in patients who developed generalized symptoms (12.7 nmol/L) was significantly higher than in those who did not develop symptoms (4.2 nmol/L) (P = .002). Although antibody levels were available only for a subset of our cohort, we believe that this finding adds clinical value to As mentioned previously, one limitation of our study is that the patients were drawn from a select population referred for subspecialty evaluation. This selection likely resulted in longer symptom duration and may have affected the outcome of AChR antibody testing. Also, we may have been able to capture more cases of generalization with longer patient followup. Although 72.6% of our patients were followed up for at least 2 years, our rate of conversion from OMG to generalized disease (20.2%) is lower than that typically quoted in the literature (approximately 50%). 16 Finally, it is possible that the reference standard for diagnosing OMG in our studyspecifically, the overall clinical impression of the treating neuro-ophthalmologist-may have been affected by a positive AChR antibody result, resulting in a skewed calculation of AChR sensitivity in OMG. However, 29.1% of the cohort received a diagnosis of OMG despite negative AChR antibody test results based on clinical features, SFEMG results, and response to treatment.
Conclusions
We demonstrate a higher sensitivity of AChR antibody testing (70.9%) than previously reported in a large cohort of patients with OMG . Older age, male sex, and progression to generalized disease were significantly associated with a positive antibody result. In addition, this is the first report to our knowledge of an association between high AChR antibody levels and progression from OMG to generalized disease. We hope that a better understanding of the implications of serum testing for OMG will improve its utility as a diagnostic tool. Antibody status was significant (P = .04) by the log-rank test. Time to generalized myasthenia gravis was missing for 1 patient.
